We prove a low-energy theorem valid for any model of weak scale softly broken supersymmetry. It claims that the neutrino Majorana mass, the B-L violating mass of the sneutrino and the neutrinoless double beta decay amplitude are intimately related to each other such that if one of them is non-zero the other two are also non-zero and, vice versa, if one of them vanishes the other two vanish as well. The theorem is a consequence of the underlying supersymmetry and independent of the mechanisms of neutrinoless double beta decay and (s-)neutrino mass generation.
Neutrinos are special among the known fermions in the sense that -being electrically neutral -they could be either Dirac or Majorana particles. Experimentally at present only upper limits on neutrino masses have been firmly established, but there are also an accumulating number of hints for non-zero neutrino masses from, for example, the solar and atmospheric neutrinos (for a recent review see [1] ) as well as from recent LSND results [2] . While the discovery of any non-zero neutrino mass would present a major breakthrough, unfortunately none of the above experiments could tell whether the neutrino is a Dirac or a Majorana particle.
From a theoretical point of view Majorana neutrinos are clearly preferred. In particular, Grand Unified Theories (GUTs) most naturally lead to Majorana neutrinos. A Majorana mass for the neutrinos could quite elegantly explain the observed smallness of neutrino masses via the see-saw mechanism [4] . Also various 1-loop contributions to the neutrino self-energy, allowed in extensions of the SM [5] - [10] , induce a small Majorana mass for neutrinos. Nevertheless only experiments can finally settle the question about the nature of the neutrino. The importance of neutrinoless double beta (0νββ) decay derives from the fact that it is sensitive to the Majorana nature of neutrinos.
That there is a generic relation between the amplitude of neutrinoless double beta (0νββ) decay and the (B-L)-violating Majorana mass of the neutrino has been recognized about 15 years ago [3] . A general theorem relating these two observables has been proven in [3] . It states that if any of the two quantities -the Majorana neutrino mass or the neutrinoless double decay amplitude -vanishes the other one vanishes necessarily too and, vice versa, if one of them is non-zero the other one must also differ from zero. Recall, that 0νββ-decay is strictly forbidden if the neutrino is a Dirac particle having only a (B-L)-conserving Dirac mass. This theorem is valid for any gauge model with spontaneously broken symmetry at the weak-scale, independent of the mechanism of 0νββ-decay. The simple neutrino exchange mechanism given in Fig.1(a) illustrates the above theorem explicitly. In this case the 0νββ-decay amplitude is directly proportional to the small Majorana mass m ν M of the neutrino. Weak-scale softly broken supersymmetry implies new particles with masses of the order of ∼ M W and new low-energy interactions. In view of this fact the 0νββ-decay amplitude may non-trivially depend not only on the Majorana neutrino mass, as claimed by the above mentioned theorem [3] , but also on certain SUSY parameters. In SUSY models the neutrino (ν) has a scalar superpartner the sneutrino (ν.) Given that they are components of the same superfield there could be a certain interplay between the neutrino and sneutrino mass terms in a low-energy theory as a relic of the underlying supersymmetry. Such a relation indeed exists [11] and provides the basis for the present paper.
In the present note we prove a low-energy theorem establishing an intimate relation between the neutrino Majorana mass, the (B-L)-violating sneutrino mass and the 0νββ-decay amplitude. This theorem can be regarded as a SUSY generalization of the above cited theorem [3] proven for non-supersymmetric gauge theories. Our considerations use only the general structure of the lowenergy effective Lagrangian assuming weak scale softly broken supersymmetry. The proof is based on symmetry arguments and thus generally valid, independent of mechanisms of neutrinoless double beta decay and (s-)neutrino mass generation.
As shown in [11] , and as will also be demonstrated below, a self-consistent form of the neutrino and sneutrino mass terms is
where ν = ν c is a Majorana field. The first two terms violate the global (B-L) symmetry while the last one respects it. The first term is a Majorana mass term of the neutrino. We call the second term a "Majorana"-like mass, while the third one is referred to as a "Dirac"-like sneutrino mass term. This reflects an analogy with Majorana and Dirac mass terms for neutrinos. The
(1) but it is not required by the self-consistency arguments. Note thatm
is not a positively defined parameter. The further proof does not depend on the mechanism of mass generation in the low-energy theory. For the sake of simplicity and without any loss of generality we ignore possible neutrino mixing.
The low-energy theorem we are going to prove consists of three statements. Let us turn to the proof of the first two statements. It is relatively easy to see that if at least one of the quantities is non-zero the two others are generated in higher orders of perturbation theory as demonstrated in Fig.1 , where only dominant diagrams are shown. Internal lines in these diagrams are neutralinos χ i , gluinosg, charginos χ ± , selectronẽ, u-squarkũ and sneutrinoν. The latter is to be identified with the B-L-violating "Majorana" propagator proportional tom 2 M . The sneutrino "Majorana" propagator was explicitly derived in ref. [11] and, for the sake of self-consistency of the current paper, is repeated below.
The various diagrams lead to relations among the three (B-L)-violating observables, which we write down schematically
Here, z i can stand for
The coefficients a ij correspond to contributions of the diagrams in Fig.1 Now we are going to prove that if z i 1 = 0, then z i 2 = z i 3 = 0 (the same will be true for any permutation). On the basis of Fig.(1) and Eqs. (2) one can expect such properties of the set of observables z i . Indeed z i 1 = 0 in the left-hand side of Eq. (2) strongly disfavors z j 2 = 0 and z j 3 = 0, because it requires either all the three terms in the right-hand sides to vanish or their net cancelation. The latter is "unnatural". Even if such a cancelation would be done by hand, using (unnatural) fine-tuning of certain parameters, in some specific order of perturbation theory, it would be spoiled again in higher orders of perturbation theory. The cancelation of all terms in the right-hand side of Eqs. (2) in all orders of perturbation theory could only be guaranteed by a special unbroken symmetry. Let us envisage this possibility in details.
The effective Lagrangian of a generic model of weak scale softly broken supersymmetry contains after electro-weak symmetry breaking the following terms [12] is also unessential. For the case of the MSSM one can find them, for instance in [12] . Eq. (3) is a general consequence of the underlying weak scale softly broken supersymmetry and the spontaneously broken electro-weak gauge symmetry.
The Lagrangian (3) does not posses any continuous symmetry having nontrivial B-L transformation properties. Recall, that U(1) B−L is assumed to be broken since we admit B-L-violating mass terms in Eq. (1). However, there might be an appropriate unbroken discrete symmetry. Let us specify this discrete symmetry group by the following field transformations
Here η i are phase factors. Since the Lagrangian (3) is assumed to be invariant under these transformations one obtains the following relations
Dots denote other relations which are not essential here. The complete set of these equations defines the admissible discrete symmetry group of the Lagrangian in Eq. (3). Let us find the transformation property of the operator structure responsible for 0νββ-decay under this group. At the quark level 0νββ-decay implies the transition dd → uuee, described by the effective operator
where α i are numerical constants, Γ (k)
i are certain combinations of Dirac gamma matrices. The 0νββ-decay amplitude R 0νββ is related to the matrix element of this operator
where (A, Z) is a nucleus with the atomic weight A and the total charge Z. The operator in Eq. (6) transforms under the group (4) as follows
with
Solving Eqs. (5), (9), one finds
This relation proves the statements 1,2. To see this we note that the observable quantity
) is forbidden by this symmetry if the corresponding discrete group factor is non-trivial, i.e. η 2 i = 1. Contrary, if η 2 i = 1, this quantity is not protected by the symmetry and appears in higher orders of perturbation theory, even if it is not included at the tree-level. Relation (10) claims that if one of the z i is forbidden then the two others are also forbidden and, vice versa, if one of them is not forbidden they are all not forbidden. Thus, statements 1,2 are proven.
One can derive the following interesting corollary from statements 1,2. 3B+L+2S , where S, B and L are the spin, the baryon and the lepton quantum number.
This completes the proof of the theorem consisting of the above-given three statements, and moreover shows that a self-consistent structure of mass terms of the neutrino-sneutrino sector is given by Eq. (1).
Let us finally present the explicit form of the above mentioned (B-L)-violating "Majorana" propagator ∆ 
where
is the ordinary propagator for a scalar particle with massm i . Using the definition ofm 1,2 as in Eq. (11) one finds
It is seen that in absence of the (B-L)-violating sneutrino "Majorana"-like mass termm In summary, we have proven a low-energy theorem for weak scale softly broken supersymmetry relating the (B-L)-violating mass terms of the neutrino and the sneutrino as well as the amplitude of neutrinoless double beta decay. This theorem can be considered as a supersymmetric generalization of the well know theorem [3] relating only neutrino Majorana mass and the neutrinoless double beta decay amplitude. 
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